A previous Iowa State University (ISU) analysis published in 2010 investigated the technical and economic feasibility of the fast pyrolysis and hydroprocessing of biomass, and concluded that the pathway could produce cellulosic biofuels for a minimum fuel selling price (MFSP) of $2.11/gal. The 2010 ISU study was largely theoretical in that no commercial-scale fast pyrolysis facilities were being constructed at the time of publication.
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transportation fuel infrastructures. The minimum selling price (MSP) of drop-in biofuels
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A major advantage to upgrading and refining pyrolysis oil into drop-in biofuels is that the 107 resulting fuels are capable of utilizing the existing fuel infrastructure without any modification 108 (unlike ethanol, which can only be blended with gasoline in quantities of up to 10-15% before 109 necessitating expensive infrastructure upgrades). Drop-in biofuels are identical to petroleum-110 based hydrocarbons for consumers, giving the fuel a significant advantage in light of recent 111 controversy over increasing the ethanol blend to 15% (Wald 2010a ). This also causes fast 112 pyrolysis and upgrading facility income to operate as a function of gasoline prices, as these 113 dictate the value of drop-in biofuels produced by the facility. Raw pyrolysis oil cannot be used as 114 a transportation fuel due to its corrosive and viscous properties, however, and must first be 115 upgraded and refined into drop-in biofuels (Czernik and Bridgwater 2004 Table 2 ) (EIA 2011a).
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rather than those that decrease its tax liability or labor costs.
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The little sibling to the VEETC (despite its greater value on a per liter basis) is the Cellulosic offsets and the availability of price data from government analyses of the legislation (see Table   182 1). Further information on H.R.2454 and its offsets program is provided by Brown et al. (2011) .
183
Finally, a baseline scenario is constructed using data from the EIA's 2011 Annual Energy 184 Outlook (EIA 2011a) (see Table 2 ). The purpose of the baseline is to provide an IRR based solely 185 186 on current macroeconomic forecasts rather than policy scenarios, whether existing or proposed. shown in Figure 1 . Table 3 provides the ultimate and proximate analyses of the stover feedstock.
187
Process Model Description
191
The feedstock cost at the pyrolysis facility gate is assumed to be $83 per dry MT, which includes for vapor condensation and collection.
207
The raw pyrolysis oil contains heavy, oxygenated compounds (see Table 4 ) that must be 208 upgraded before significant amounts of high-value hydrocarbons can be derived from it.
209
Upgrading is achieved via hydroprocessing, which is split into two steps. The first step is 210 hydrotreating the raw pyrolysis oil to remove oxygen impurities. This is accomplished by 211 reacting the pyrolysis oil with hydrogen over a cobalt-molybdenum catalyst at 300°C-400°C and 
220
Process economic estimates are based on equipment costing data generated with the Aspen In-
221
Plant Cost Estimator software for free-on-board equipment costs by (Wright, Satrio et al. 2010 ).
222
Total project investment estimates are generated via Peters and Timmerhaus investment factors 
231
The spreadsheet calculates facility IRR as a function of facility income, total project investment, 232 variable operating costs, and fixed operating costs. The modifications enable the spreadsheet to 233 calculate facility IRR based on specified market values for the product and co-products. The 234 updates ensure that the most accurate and recent data is used when possible. Table 2 ). 20-year averages for each commodity are taken so as to account for future The CBPTC serves as a tax credit to qualified cellulosic biofuel producers and can eliminate a 271 producer's income tax burden for a particular year if enough biofuel is produced. It is simulated 272 by adopting the baseline scenario's assumptions but reducing the fast pyrolysis and upgrading 273 facility's income tax rate from 35% to 0%.
274
The VEETC also serves as a tax credit but can also generate facility income if enough biofuel is The implementation of H.R. 2454 was projected to increase the prices of NG and gasoline above 288 the baseline. Additionally, it would have added value to each MT of CO2 sequestered or 289 mitigated in the form of carbon offsets pegged to an annual carbon price (see Table 1 combination.
301
Numerical Results
302
The fast pyrolysis process design converts 2000 dry MTPD of stover into annual yields of 134 303 million liters of drop-in biofuel, 124,000 MT of biochar, and 818,009 gigajoules (GJ) of fuel gas.
304
Total fixed capital investment is $247 million, of which $53 million is for equipment costs and value to these co-products is greater than the reduced product value relative to the VEETC 328 scenario.
329
Finally, multiple combinations of policy scenarios are analyzed to determine which grouping can 330 achieve the 25% IRR threshold. Of these, that with the lowest IRR is the CBPTC + RIN 331 scenario, which produces an IRR of 13.22%. This scenario also most closely resembles present is 50% higher (EIA 2011b) than that projected by the EIA for 2011 (2011a).
341
Discussion
342
The results of this analysis demonstrate that while existing and proposed federal government 343 policies can improve the economic feasibility of fast pyrolysis and upgrading as a drop-in biofuel 344 pathway, they are not all equal. This study finds that, to be effective at increasing fast pyrolysis 345 and upgrading facility IRR, policy must focus on increasing the value of facility products and co- as the CBPTC will do little to benefit fast pyrolysis and upgrading facilities. The VEETC, RIN,
350
and H.R. 2454 will do significantly more, especially when stacked with one another.
351
Those policies currently in existence (CBPTC and RIN) are unable to push facility IRR within 352 striking distance of the 25% IRR threshold. Pre-tax gasoline prices will need to reach $1. 
